SUMMARY Ten histologic sections were sampled from similar cortical regions in each of 84 autopsy brains removed from patients aged 60 to 97 years. The sections were stained by the Congo-red method and examined under polarized light for the presence of cortical {parenchymal) cerebral amyloid angiopathy (CAA). Some degree of CAA was found in 36% of all brains examined, with a higher proportion of patients affected in each successive decade of life. Angiopathy was seen most frequently and was of greater severity in the parietal and occipital gray matter. Overall, it was often a patchy and asymmetric lesion. There was sparing of subcortical white matter and the hippocampi. CAA was most severe in cases of Alzheimer's disease, but occurred in the absence of this condition.
right and left parietal lobe, right and left medial occipi tal lobe, and both hippocampi at the coronal level of the lateral geniculate nuclei. All these sections were then examined with and without polarized light, and individual vessels within the brain that demonstrated any Congo positive material with apple-green birefrin gence in their walls were scored as amyloid-containing blood vessels.
The relative severity of CAA in a given section was assessed as follows. If one or two vessels were posi tive, the involvement was scored as 1 + ; if three to five vessels were positive, a score of 2+ was given; if six or more vessels were positive, a score of 3+ was assigned ( fig. 2) . A score of 3 + was arbitrarily taken to represent a severe degree of CAA. The numbers refer only to Congo positive vessels within the brain parenchyma. CAA was also assessed in the adjacent leptomeninges but the meninges were not present in their entirety over the cortex in every section.
Results
Except in 3 cases, one in each of the eighth, ninth, and tenth decade, whenever there were Congo red positive vessels in brain parenchyma there were posi tive vessels in the adjacent leptomeningeal vessels. In addition, in 4 cases, ages 76 to 82, in which no CAA was noted in the brain parenchyma there was the occa sional (1 +) positive vessel in the leptomeninges.
Incidence
The incidence of CAA as a function of age is sum marized in figure 3 . Of the 21 brains in the 60-69 year age category, only one showed CAA. However, it was seen in 12 of 28 brains (42.8%) in the eighth decade, and in 13 of 28 brains (46.4%) in the ninth decade. Over the age of 90 years, it was present in four of seven patients (57%). There was no significant difference between males and females in either the CAA positive or the CAA negative cases (table 1) . not take into account the severity of involvement in a given section. Though the change was frequently pres ent in the frontal, temporal and parietal lobes, it was most often encountered in the occipital poles. The ta ble also emphasizes that it was least often noted in sections of the hippocampi. Within sections of the involved hippocampi, the dentate fascia itself was al most always spared. If only severe involvement by CAA (i.e. 3 + by the scoring system) is considered then 14 brains showed severe CAA in at least one of the 10 sections examined (table 3) . Of these severe CAA brains, one was from a patient in the seventh decade, six each from patients in the eighth and ninth decades, and one from a patient over 90 years of age. A severe degree of vascular involvement was noted most often, though not exclu sively, in the parietal and occipital cortex. The relative sparing of the hippocampi by severe CAA is striking, only one case of 14 demonstrated a severe degree of angiopathy in this location.
Topographic Distribution
There is an overall greater likelihood of finding CAA in the occipital cortex, but in any given brain, it may be a very focal, patchy and asymmetric process. It was not uncommon to find relatively severe CAA in only three or four of the 10 sections examined micro scopically, with sparing of all other areas of cortex (table 3) . The subcortical white matter was virtually never seen to contain Congo positive vessels. Some senile plaques, often with amyloid cores, were seen in almost every brain that had CAA, no matter how mini mal the degree of CAA. Often there was close physical association of the plaque with a Congo positive vessel, a proximity that has been emphasized by others. 9 In the group of brains that was negative for CAA, senile plaques were identified less frequently and in smaller numbers, though they were on the whole more com mon in older patients.
Ten of 14 cases of severe CAA had the pathologic diagnosis of Alzheimer's disease (table 4) . Though quantitative morphometric methods are now important in defining the differences between "normal" cerebral age-related changes and the pathologic substrate of Alzheimer's disease 10 we made the diagnosis in a qualitative way, i.e. when the number of senile plaques, neurofibrillary tangles, Hirano bodies, and neurons showing granulovacuolar degeneration was excessive for the patient's age.
In none of the 84 patients studied was there any evidence of systemic amyloidosis.
Discussion
Use of the Congo red stain and polarization micros copy to look for characteristic apple-green birefrin gence in vessel walls is of primary importance in a survey of this sort, as the lesion may be otherwise missed. Criticism of this staining procedure based on sections of muscle and nerve has been made," as false positives may be found in which birefringence is close ly related to excess dye retained in the tissue. The fact that in some sections only one or two of many cortical vessels were definitely Congo positive also serves as an internal control for the staining procedure, so that criticisms which apply to its use in muscle and nerve may not necessarily be relevant to cerebral cortex. In a current review the statement is made that "Of the stains employed only the alkaline Congo red reaction, followed by polarization microscopy to produce a green polarization colour ("Congo red birefrin gence") detected amyloid unequivocally and with great sensitivity," 12 a claim that we feel validates our decision to use this as the method of choice among the several available. [13] [14] [15] [16] CAA is a very common finding in the brains of individuals over 70 years of age. It was present to some degree in 30 out of 84 patients (or 36%) over 60 years old, and in 46% over 70 years old. CAA is a focal, patchy, often asymmetric process that is most likely to involve the parieto-occipital cortex and to spare the hippocampi, even with severe involvement elsewhere.
CAA is a condition that affects small and mediumsized cortical vessels (whether they are arteries or veins is often difficult to tell as others have stressed 9 ) but does not affect white matter or other portions of the central neuraxis to a significant degree.
In a recent autopsy study of individuals over 60 years of age, Tomonaga 6 found the frequency of CAA (by decade) to be 8% in the 60-69 decade, 23% in the 70-79 decade, 37% in the 80-89 decade, and 58% in patients older than 90 years. The number of sections per brain examined or the topography of CAA, except in seven cases of severe CAA were not commented on. In this latter group, temporal and occipital cortex were most commonly affected. These incidence figures agree closely with ours. Our higher incidence in the eighth and ninth decades may reflect more extensive histologic sampling of cortex.
Another multiple organ study 4 found amyloid (though not necessarily CAA) in 11 of 47 brains (23%) in the age group 60-79 years, and in 27 of 44 brains (61%) in the group 80-107 years old. The presence of cardiac, aortic or pancreatic amyloid was not correlat ed with that of cerebral amyloid. Again, the number and site of origin of sections of brain examined is not stated precisely, and the distinction between senile plaque amyloid and CAA was not made for purposes of the survey, although it is now known to be an impor tant one. Surbek 3 described 79 cases of "dyshoric angiopa thy" diagnosed by pathologic examination over a peri od of ten years in a psychiatric clinic. Histologically, "dyshoric angiopathy" represents a combination of amyloid in the vessel wall and perivascular space, with penetration of the surrounding nervous tissue. It is synonymous with the term "drusige Entartung." The distinction between either of these entities and CAA is not meaningful, and we have therefore used only the designation CAA for the lesions described. Surbek's 3 very thorough study based on almost 600 autopsies disclosed the presence of angiopathy in 18% of pa tients over 69 years of age. There was an increasing incidence from age 55 years to 94 years of age, and a marked tendency for the vascular change to occur in the fourth layer of the striate cortex (line of Gennari). Angiopathy was always accompanied by senile plaques, though not necessarily in the same region of gray matter. Men were slightly more commonly affect ed than women. of 82 patients with "varied psychiatric affections." All patients with CAA had been demented and old, with a mean age of 81.5 years. Multiple areas of cortex were examined and when CAA was minimal, it was always found in the occipital cortex or overlying leptomeninges. White matter was not involved. No correla tion between CAA and cerebral arteriosclerosis was noted. Mandybur 5 found CAA in 13 of 15 patients with Alzheimer's disease, and commented on the fact that CAA rarely or never involved the basal ganglia, cere bellum, and brain stem. Qualitatively, the temporal and occipital cortex seemed most involved, whereas Ammon's horn was spared by the vascular pathologic change, a finding that our study strongly re-empha sizes. The high incidence of CAA in Alzheimer's dis ease has been stressed by others 7 -,2 -l3 - 17 and one recent study 18 has suggested that specific psychiatric sympto matology may be associated with the presence of CAA, a premise we find difficult to accept. Some authors have considered CAA to be an atypical "vas cular" form of Alzheimer's disease, 19 but others feel CAA is a distinct entity entirely separate from the latter. 20 Mountjoy et al 7 compared CAA in 15 patients with senile dementia of the Alzheimer type with 30 patients who had normal mentation and died with a variety of medical conditions. An "amyloid score" was devel oped in which assessment was made of plaques and CAA-vessels in the cortex and vessels in adjacent men inges. The topographic distribution of CAA was not studied systematically yet they found CAA in all lobes of the brain in both demented and non-demented pa tients. The hippocampus per se was not commented upon. The authors conclude that there is "some rela tionship" between plaques and the presence of amy loid in cerebral vessels. However, patients with plaques were seen without CAA and some patients with CAA had no plaques, a finding which agrees with our own.
The hippocampal formation is a key structure in showing the cellular and parenchymal changes that underlie Alzheimer's disease. 21 An exhaustive morphometric study of hippocampal microvasculature in young, old and demented old patients 22 has found sig nificant changes in capillary and arteriolar diameters and densities with aging, and regional changes in these parameters that may be important in the pathogenesis of senile dementia of the Alzheimer type. The study used techniques that did not take into account any potential thickening of vascular walls external to the endothelium, such as might result from CAA, and so did not concern itself with the possible relationship between CAA and Alzheimer's disease. Our findings indicate that the most severe cases of CAA are noted with Alzheimer's disease. However, CAA is found (albeit to a mild degree) in a large proportion of elderly brains and is least conspicuous in the hippocampi.
The role of CAA in the pathogenesis of Alzheimer's disease, if any, is unknown. 7 -12 Nevertheless, support is given for a close association of CAA and the amy loid (senile) plaque by the recent demonstration using immunoperoxidase techniques of the presence of com ponents or fragments of immunoglobulin 23 -24 and the presence of neurofilament proteins 24 in both structures. CAA occurs independently of systemic amyloidosis with rare exceptions. 25 -26 These patients often show far more extensive central nervous system amyloid depo sition than is the case in pure CAA. For example, deposits are frequently identified in the brain stem and spinal cord. Extensive nervous system amyloid depo sition, often in the form of non-vascular globules, is also found in some familial degenerative neurologic syndromes associated with CAA. 27 " 29 This study shows an obvious and important discrep ancy between the location of the most severe degree of CAA (parietal and occipital) and the location where CAA-related hemorrhage tends to occur, namely the frontal or fronto-parietal regions. 1 No specific expla nation for this phenomenon can be offered but one can speculate that factors other than the severity of angiop athy alone must play a part in causing the hemor rhages. 
